Nutrient and metal concentrations in the surface sediment Iayers of the Kitkajärvi Iakes by Myllymaa, Urpo et al.
VESIENTUTKIMUSLAITOKSEN JULKAISUJA
PUBLICATIONS OF THE WATER RESEARCH INSTITUTE
Tapani Kohonen: Availability of automatic water quality monitoring for Finnish
watercourses
Tiivistelmä: Vesistöjen veden laadun automaattisen tarkkailun käyttömahdollisuudet Suomessa 3
Urpo Myllymaa, Jouko Saarelainen 8 Pirkko Hyvönen: Nutrient and metal
concentrations in the surface sediment Iayers of the Kitkajärvi Iakes
Tiivistelmä: Kitkajärvien sedimenttien pintaosien ravinne- ja metallipitoisuudet 20
Urpo Myllymaa: Influence of drainage area factors on the water quality of small
lakes in the Koutajoki river basin with special reference to metals
Tiivistelmä: Valuma-aluetekijöiden vaikutus Koutajoen vesistöalueen pienten järvien
vedenlaatuun, erityisesti metalleihin 54
Jorma Niemi: Correlations between water quality variabies in Finnish lakes
Tiivistelmä: Vedenlaatumuuttujien välisistä korrelaatioista suomalaisissa järvissä 93
Jorma Niemi: Mathematical modelling of two Finnish lakes
Tiivistelmä: Vedenlaatumallin soveltaminen kahteen suomalaiseen järveen 99
Heikki Pitkänen: The regional distributions of some water quality variabies
in Finnish coastal waters
Tiivistelmä: Veden laadun alueellinen vaihtelu Suomen rannikkovesissä 105
VESIHALLITUS — NATIONAL BOARD OF WATERS, FINLAND
Helsinki 1985
Tekijät ovat vastuussa julkaisun sisällöstä, eikä siihen voida
vedota vesihallituksen virallisena kannanottona.
The authors are responsible for the contents of the publication.
It may not be referred to as the official view or policy
of the National Board of Waters.
ISBN 951-46-8844-9
ISSN 0355-0982
He’sinki 15. Vattion painatuskeskus
20
NUTRIENT AND METAL CONCENTRATIONS IN THE
SURFACE SEDIMENT LAYERS OF THE KITKA
JÄRVI LAKES
Urpo Myllymaa1),Jouko Saarelainen2)&
Pirkko Hyvönen1)
MYLLYMAA U., SAARELAINEN J. & HYVbNEN P. 1985. Nutrient and
metal coocentratioos jo the surface sediment layers of the Kitkajärvi lakes.
Publications of the Water Research Institute, National Board of Waters, Fin
land, No. 62.
Factors affecting regional variations in the nutrient and metal concentrations
jo surface sediment jo the municipalities of Kuusamo and Posio are ident
ified and discussed. The area investigated js part of the international Project
Aqua programme and represents a large ndrth Fjnnjsh lake jn an almost
natural state. The same lakes are also one of five Fjnojsh sjtes wjthin the jn
ternatjonal research programme «Giobal envjrooment mooitoring system.
The most sjgnificant positive correlations between the differeot metais
were found betweeo iron and manganese, Iead and mercury, calcium and
magnesium, copper and zjnc and zinc and mercury. Nitrogen and phosphorus
correlated positively most closely with organic material and oegatjvely wjth
depth.
The most important factors affecting metal concentratjons jo upper sedi
ment layers are the pH—Eh -state of the water and sediment and the content
of organic matter jo the sedimeot. In the Kitkajärvj lakes the most important
reasoos are probably sedimentation variations, resultiog from lamioation of
the lake water and regional differences in flow rates. In some areas upflow of
bottom water and the resultjng precipitation of iron-manganese complex af
fects the elemental balance. Regional differences jn the underlyiog rock and
soil do not cause such clear djfferences in the sediments as those sometimes
observed jo small lakes. However, the variation justifies a closer examioatioo
of the bedrock jo different parts of the lakes. Calcium concentrations give
the clearest jodjcatjon of the location of its origioal source.
mdcx words: Sedjments, bedrock, sojis, GEMS/water, lakes, metais, trace
elements, nutrjents.
1. INTRODUCTION
The Kitkajärvi lakes in the region of Kuusamo
and Posio comprise a large lake complex in a rela
tively natural state. The lakes are highly suitable
for a study of northern Finnish lake limnology.
They were included in the international research
programmes »Project Aqua» (Luther 1966) and
»Giobal Environment Monitoring System» (WHO
1978). The lakes have been the subject of many
sided limnological research which has largely
been collected in the Kitka project carried out by
the lulanka biological station (Helle 1981).
The field work of the present investigation
was carried out using the Oulanka biological
station as a base, the remainder of the research
1) Water Djstrjct Offjce of Oulu, Box 124, SF-90101 2) Geological Survey of Finland, Box 237, SF-70101
Oulu, Fjnland Kuopio, Finland
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mainly being carried out in the Water District Of
fice of Oulu. The field work and the preparation
of report was supervised in part also by the Ge
ology department of the University of Oulu. The
work was connected with the aforementioned
Kitka-project, but also formed part of an investi
gation of the Kuusamo area carried out by the
Water District Office of Oulu. The latter investi
gation includes research into depth relations,
water quality and sediments. The information
obtained is necessary for the present and future
estimation of the development of the lake and in
drawing up utilization and protection plans for
the watercourse. It is also hoped that the re
search will provide valuable information concern
ing the behaviour of Finnish lakes.
In this investigation the nutrient and metal
concentrations in different areas of the Kitka
järvi lakes were studied. The observed regional
differences in concentrations may be natural in
origin, resulting from differences in soil and rock
types, but in some cases the differences are prob
ably of anthropogenic origin. The work of Saare
lainen (1980) and Hyvönen (1983) concerned
with the physical composition and strength of
sedirnents, was utilized in the course of this re
search.
2. THE AREA OF THE INVESTI
GATION
2.1 Hydrology and topography
The lakes Yli-Kitka and Ala-Kitka are situated in
the communes of Kuusamo and Posio in North
east Finland. The combined surface area of the
lakes is 281.4 km2 (Olin 1936) and their drain
age basin has an area of 1 675 km2 with a per
centage lake cover of 12.5 % (National Board of
Waters 1975). The height of the lakes above sea
level is about 240 m and the greatest depth in the
open water of lake Yli-Kitka at Vasikkaselkä is
41 m.
Long promontories and islands divide the Kit
kajärvi lakes into several separate stretches of
open water (Fig. 1). The southernmost of these is
Turjanselkä, separated by the 6 km long Hyvä-
niemi promontory from Vasikkaselkä. The point
of Tolvanniemi and the adjacent islands separate
Vasikkaselkä from Isoselkä. The promontory of
Halkaisijanniemi and the row of islands ex
tending from its point divide the northernmost
stretch of open water in lake Yli-Kitka, Tolvan
selkä, from Isoselkä. Lake Ala-Kitka is shallower
than Yli-Kitka, with a maximum depth slightly
greater than 20 m. Ala-Kitka is broken by many
bays, promontories and islands. The largest open
water area is Virranselkä. The lake is divided into
two in the region of Patosalmi. The largest bays
are Piiloperä, Särkilahti, Virranlahti and Somp
sanperä.
2.2 Development of the Kitkajärvi lakes
since the last Ice-age
Preglacial bedrock formations have largely been
responsible for the formation of the lake basins.
However, the preglacial basins have been
deepened as a resuit of the effects of glacial eros
ion. An example of this type of rock basin is the
Vasikkahauta region of lake Yli-Kitka. This hol
low runs across the lengthwise direction of lake
Yli-Kitka and approximately in the direction of
motion of the icepack. The other deep threnches
of the Kitkajärvi lakes are also probably the re
suit of glacial erosion (Hänninen 1915). The
most recent direction of movement of the ice
was generally NW—SE or WNW—ESE (Aario et
al. 1974).
According to the results of radiocarbon dating
deglaciation in this area of NW Finland took
place at the beginning of the postglacial period,
9 500 — 10 000 years ago. The edge of the ice
pack reached the present Finnish border about
9 500 years ago (Hyvärinen 1973 and 1975). Ac
cording to Heikkinen and Kurimo (1977) the re
cession of the icepack from the area of the Kitka
järvi lakes took place about 9 400 — 9 500 years
ago.
As a resuit of early activity after the retreat of
the ice coverage a drumlin and fluting field was
formed in the area and stili dominates the land
scape. Drumlins and fluting form long promon
tories and islands in the area (Aario et al. 1974).
On the basis of the shore height and swamp
stratigraphy investigations of Heikkinen and Ku
rimo (1977) it is possible to distinguish a so
called pre-Kitkajärvi. The most obvious extent
shoreline of this fossil lake is on the western side
of the lake above the present shoreline and de
scends to the east at a rate of about 0.2 m km1.
At this stage in its history the lake had a bifur
catory character. One exit was via Virranlahti
along the river Kitkajoki to the east and the
22
other left from the west side of the lake from
Turjanselkä into lake Livojärvi and then on to
the river Livojoki. The latter route closed about
8 400 years ago (Heikkinen and Kurimo 1977,
cf. Hänninen 1915), since when water has flowed
only to the east via the river Kitkajoki. The
greatest change in the lake resulting from human
activity was the lowering of the surface by 1.2
meters in 1871 (Hänninen 1915).
2.3 Sediments
Two major groups can -be distinguished in the
surface sediment layers of lake Kitkajärvi. The
first of these is composed of mud or mineral soil
containing organic compounds and deposited
during the postglacial period. The second, harder
iayer is usually moraine. The division is simple,
indicating that the number of different bottom
types is small, and it provides a convenient
boundary between the glacial and postglacial his
tory of the lake. Some clay- and sand-covered
bottom regions are also found in the Kitkajärvi
region and some iron-manganese sediments also
occur. Clay and iron-manganese deposits have
been observed only in lake Yli-Kitka.
The bottom of lake Ala-Kitka is a single uni
fied basin from the point of view of sedimen
tation. The basin is more enclosed and the water
flow rates are lower than in lake Yli-Kitka. For
this reason the mud is stratified in lake Ala-Kitka
even in the shallower areas with a depth of only
1.5 m. The two basins are considered separately
in the discussion. In lake Yli-Kitka the boundary
Kolevion quortzites
Jotuliori quortzites
Jotution metobosolts
Koleviari rnica schists
Kolevion dolomites CD)
Fig. 1. The Kitkajärvi lakes and the bedrock of the drainage basin.
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between the mud and the hard bottom is usually
at a depth of 3.5 — 4.0 metres. The depth at
which mud sediments begin, however, varies de
pending on whether the shore is an accumulation
or an erosion beach (e.g. Saarelainen 1980 and
Hyvönen 1983). The elemental analyses carried
out in this work were mainly from mud sampies
and from mud containing iron-manganese sedi
ment.
2.4 Rock type and mineral composition
of muds
The area of the Kitkajärvi lakes (Fig. 1) belongs
to the same rock formation as the Karelidic
schist beit. The rock types in the schist beit in
clude mainly combinations of extrusive and in
trusive rock types. The schists are primarily dif
ferent quartzites and mica schists.
Some dolomite rock has also intruded into the
region (Silvennoinen 1972), and there are some
vulcanites and diabases (Piispanen 1972).
According to the cartographical studies of
Hackman (1918) and Hackman and Wilkman
(1929) in the regions of Kuolajärvi and Rova
niemi, the following rock types can be found in
the region surrounding the Kitkajärvi lakes: Kale
vian schists, quartzites, fyllites, dolomites, meta
basalts, Jatulian quartzites, maris and leucodia
bases (Fig. 1). The area belongs to a tectonic
boundary zone, which divides the basin in an
eastwest direction into gneiss granite on the one
hand and Kalevian schists on the other. This
triangular tectonic zone is known as the Kitka
Oulanka submergence zone.
The mineral composition of the mud sedi
ments of lake Yli-Kitka was analyzed from fine
mud and clay by an X-ray diffraction method.
On the basis of this analysis the surface sedi
ments of lake Yli-Kitka contain variable amounts
of quartz (dominant), plagioclase, orthoclase,
illite, hornblendite, chlorites, epidotes, carbon
ates and kaolinites. The amount of quartz in the
mud increases with increasing depth (Saarelainen
1980).
2.5 Water quality
Water quality in the Kitkajärvi lakes has been
monitored since 1965 (Laaksonen 1972). In an
investigation of the Kuusamo watercourse in
1973 (Heinonen and Myllymaa 1974) the water
of these lakes was classified as clear and low in
organic content. Nutrient concentrations were
low and the oxygen balance was good. In 1979
the water quality of the lakes (Fig. 2) was sur
veyed not only at the permanent observation
station S_ (Table 1), but also at eleven other
sites. The oxygen level was high in the June sam
pies (96 — 115 % of saturation), indicating rapid
assimilation. Electrical conductivity and aika
linity were also high in the farthest corners of the
bays at sites 1 and 10. Smaller values of these
variabies were measured below lake Posionjärvi at
site 3. At this site the colour and COD-values
were highest, along with the bay sites 1 and 10.
High turbidities and solids concentrations at
these same sites indicated runoff from the shore
(Fig. 2).
Concentrations of total nitrogen were higher
in early than in late summer. The lowest concen
trations were measured in the open water of Va
sikkaselkä (S1) and in the Kilkilösalmi sound (8).
The highest concentrations were measured at two
sites (1 and 3) at which the humus colour was
strongest and also at site 10 in the farthest corner
of the bay. Major differences were not observed
between the other sites.
In contrast to the behaviour of total nitrogen,
the concentration of phosphorus increased
throughout the summer. The lowest phosphorus
concentrations were measured at sites 2 and 8 in
narrow sounds and the highest concentrations
were recorded at sites 3, 6 and 10. Phosphorus
may be considered as the limiting nutrient for
primary production in the Kitkajärvi lakes, par
ticularly in the open water areas.
3. METHODS
3.1 Sampling
Ekman-Birge sampier and Hakaia-type Kajak
sampier (Hakala 1971) were employed. The
latter could be used only for sampling from soft
mud and sand bottoms. The sediment sampies, of
thickness 10 — 15 cm, were collected from the
intersections of a sampling network constructed
using regular spatial intervais (Figs. 3 and 4). The
sampies were taken from lake Yli-Kitka in 1979
and from lake Ala-Kitka in 1982. Reports con
cerning the physical properties and regional van
ations of the sediments have aiready been pub
lished (Saarelainen 1980 and Hyvönen 1983).
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1 90 100 90 98 94 3
5 85 91 86 81 87 1
H 71 96 72 88 79 7
2H—1 8 76 11 70 38 21
Conductivity ‘25 mS m1
5
H
2H—1
3.9 28.0
3.9 6.6
3.6 5.3
4.1 8.0
3.9 13.2
4.0 4.7
3.7 5.0
4.9 7.8
6.1 6.1
4.3 0.7
4.3 0.5
6.2 1.1
Tot. solids mg j-1
5
H
2H—1
0.0 4.2 0.0 1.6 0.8 1.0
0.0 1.6 0.0 1.4 0.5 0.5
0.0 1.0 0.0 0.8 0.3 0.3
0.0 6.5 0.0 3.1 1.5 1.7
Colour mg Pt j-1
5
H
2H—1
5 40
5 25
5 20
5 200
5 35 13 10
5 15 10 5
5 15 10 4
10 80 39 48
COD Mn mg
5
H
2H—1
3.0 10.0
2.5 4.5
2.3 4.0
2.7 6.2
3.1 4.1 3.9 1.9
2.8 4.1 3.4 0.6
2.6 3.6 3.1 0.5
3.1 4.2 3.7 0.9
Total S mg 1-1 0.9 4.8 0.9 1.0 1.6 1.2
0.9 1.4 1.0 1.3 1.1 0.2
0.2 2.1 0.9 1.3 1.1 0.4
0.9 1.8 0.9 1.8 1.2 0.3
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Table 1. Water quality of the deep water observation site (S1, Figure 2) of lake Yli-Kitka, included in the GEMS pro
gramme (WHO 1978), during the period 1965—1982. H = mean height of the water, 2H—1 = 1 m above the bottom of
the lake.
Oxygen sat. %
Depth Min. Max. Fractiles Mean St. dcv.
m 10% 90%
1 2 3 4 5 6 7 8
pH 1
5
H
2H— 1
Alkalinity mmol r’ 1 0.85
5 0.31
H 0.41
2H—1 0.72
6.8 7.3 6.8 7.3
6.8 7.2 6.9 7.2
6.7 7.2 6.8 7.2
6.5 7.0 6.6 7.0
0.24
0.23
0.22
0.25
0.75 0.30
0.24 0.30
0.24 0.38
0.39 0.67
0.31 0.15
0.27 0.03
0.28 0.05
0.52 0.13
Turbidity Hach FTU 1
5
H
2H—1
0.18
0.14
0.17
0.33
0.50
0.50
0.50
7.20
0.18 0.50
0.14 0.50
0.17 0.50
0.33 7.20
0.30 0.12
0.26 0.11
0.27 0.10
2.31 2.21
TOC mg [1 1 4.0 15.0 4.0 15.0 6.6 3.9
5 4.0 6.0 4.0 5.0 4.5 0.7
H 3.0 5.0 3.0 5.0 4.3 0.8
2H—1 3.0 6.0 3.0 6.0 4.7 1.1
5
H
2H—1
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1 2 3 4 5 6 7 8
Si02 mg 1-1 1 2.9 16.0 2.9 4.3 4.9 3.9
5 2.7 4.7 2.8 4.2 3.5 0.6
H 3.0 5.1 3.0 4.9 3.8 0.8
2H—1 4.4 8.6 4.4 8.6 6.5 1.4
NaLS mg 1 0.1 0.5 0.1 0.5 0.3 0.2
5 0.2 0.7 0.2 0.7 0.4 0.2
H 0.0 4.0 0.0 4.0 0.6 1.3
2H—1 0.0 0.9 0.0 0.9 0.2 0.3
Chloridesmg 1 0.6 4.6 1.1 4.3 1.7 1.1
5 1.2 3.1 1.2 1.5 1.5 0.5
H 0.7 2.9 1.3 1.7 1.5 0.4
2H—1 1.2 3.1 1.3 . 1.9 1.6 0.4
Ironpg1 1 0 110 0 110 34 37
5 0 120 0 95 47 37
H 0 90 10 90 40 28
2H—1 37 7600 87 1900 954 1847
ManganesepgF1 1 0 37 1 21 12 10
5 0 50 0 20 12 14
H 0 40 0 29 11 13
2H—1 7 5500 7 3800 1658 1996
Potassium rng 1 0.6 3.3 0.6 1.0 1.0 0.8
5 0.6 0.9 0.6 0.8 0.7 0.1
H 0.6 0.9 0.6 0.9 0.7 0.1
2H—1 0.5 113 0.5 1.3 0.9 0.2
Sodium mg 1-1 1 1.1 5.2 1.1 1.5 1.6 1.2
5 0.8 1.5 1.0 1.3 1.1 0.2
H 1.0 1.8 1.1 1.3 1.2 0.2
2H—1 1.1 1.7 1.1 1.7 1.4 0.2
Calcium mg 1 1.0 14.0 3.8 11.0 5.3 3.7
5 1.0 4.5 2.0 4.4 3.6 1.0
H 2.0 5.9 3.8 5.1 4.2 0.9
2H—1 1.0 18.0 1.0 18.0 6.9 4.9
Magnesiummgl4 1 1.1 4.6 1.1 1.6 1.7 1.0
5 1.1 1.5 1.1 1.4 1.3 0.1
H 1.1 1.8 1.3 1.8 1.5 0.2
2H—1 1.4 3.5 1.4 3.5 2.2 0.8
Tota1Npg1 1 100 1100 150 800 301 263
5 90 350 120 320 216 78
H 120 320 190 300 225 53
2H—1 200 850 230 810 445 189
Total P pg 1 0 30 0 12 6 6
5 3 8 4 7 6 1
H 0 10 2 9 4 2
2H—1 2 24 3 13 9 5
q 0 0 -t Iq 0
00
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3.2 Laboratory analyses
Geochemical analyses were carried out from 65
sampies from lake Yli-Kitka and 25 from Ala
Kitka. The latter were also analyzed for their
content of total nitrogen and total phosphorus.
Metais were analyzed in the research laboratory
of the National Board of Waters. The method
used was the atomic absorption spectrophoto
metric flaming method (SFS 3044, 1980; SFS
3047, 1980; SFS 3045, 1980 and SFS 3048,
1982). Due to the different times of analysis the
cadmium results from the lake Ala-Kitka sedi
ments cannot be used for comparison because
the concentrations were ali below the sensitivity
limit of the assay method, 1 ppm.
After sampling the sampies were stored
frozen. Sampies were pretreated by drying at
105°C for 12 hours. The dried sampies were
homogenized. Ali results were calculated on a
dry weight basis.
Total nitrogen and total phosphorus were as
sayed in the laboratory of the Water District Of
fice of Oulu. The method used vas based on a
Nordforsk research report (1975). In the assay of
total nitrogen the organic material was disinte
grated and made alkaline. Ammonia was distilled
from the sample. The principle of the assay for
total phosphorus was the conversion of both or
ganic and inorganic phosphorus to orthophos
phate by reducing Kjeldahl-burning. Past of the
solution was filtered and neutralized after which
analysis of orthophosphate was carried out.
4. RESULTS AND DISCUSSION
4.1 Metais
4.11 Factors affecting the metal concentrations
of sediments
The composition and distribution of sediments
are dependent on many different processes. The
most important factors in sedimentation are
however the dredging of the bedrock, transpor
tation of materiais and stratification. In the case
of metalcontaining compounds other important
factors are solubility, formation of different
chemical compounds and coagulation in conjunc
tion with sedimentation.
Lake sediments are highly variable because
hydrochemical, hydrobiological and sedimento
logical factors vary between different lakes.
The use of lake sediments in ore prospecting
is based on the fact that the drainage basin of
any given lake can be defined and the source of
‘the sedimenting metals thus determined. A met
allic element may reach the lake in ionic form, as
a molecule, as an organic or inorganic complex or
as a constituent of solid particles (e.g. Kukal
1971, Rankama and Sahama 1950 and Kontas
1979).
A prerequisite for the formation of a chemical
sediment is the formation of compounds with
low solubility. Important factors affecting the
formation of such compounds include the hy
drogen ion concentration (pH) and oxidation
reduction potential (Eh) of the water. The for
mation of low-solubility salts such as metal sul
phides require, in addition to the presence of sul
phide ions, very specific pH—Eh -conditions. Due
to chemical differences between different metais,
their lowsoiubility compounds are usualiy
formed in different parts of the watercourse.
According to Timperley and Allan (1974), the
process by which metais are enriched in organic
sediments is as follows. In the first place, the
metais may reach the sediment from two original
sources, (a) from minerais in the material of the
bedrock or (b) from the environment with in
flowing water. The former metais reflect the
geology of the immediate vicinity of the lake and
the latter are dependent on the geology of the
whole drainage basin. Chemically, the accumu
lation of metais in the sediment occurs by or
ganic complexing or precipitation of metallic sui
phides. At least in experimental situations which
have been studied, the precipitation of metal sul
phides occurs in the order Cu+ + > Pb + + >
Co Nj++>Zfl++>Fe++>Mn++
In the case of organo-metallic complexes the
order of precipitation is Cu + + > Ni + + >
Pb++ > Co++>Fe++>Zn++>Mn++.The
accumulation of metais is however always de
pendent on the availability of sufficient sul
phide ions. Iron-manganese precipitates ac
cumulate metais which are not very strongly as
soeiated with the sediment, e.g. Fe, Mn, Co, Ni
and Zn.
According to Coker and Nichol (1975) metals
and metallic compounds attach to siit, clay and
organic compounds in the sediment. Because the
cation exchange capacity of organic material is
greater than that of clay; variations in the com
position and concentration of organic com
pounds have a relatively greater significance for
the sediment metal concentrations than changes
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in clay and siit concentrations. Correlation ana
lysis revealed that metal concentrations and
amounts of organic material were strongly corre
lated. According to Coker’s and Nichol’s results
the strongest correlation was between copper and
organic material, but ali the other metais investi
gated in this study of lakes in Northwest Ontario
were also correlated with organic matter.
Seasonal variations in the drainage basin, in
the chemical composition of groundwater and in
pH—Eh -conditions also cause changes in metal
concentrations in the surface iayers of sediments
at different times of the year (e.g. Cronan and
Thomas 1972).
Sedimentation rate is another factor affecting
the concentrations of metais in lake sediments.
In generai, it can be said that the greater is the
rate of sedimentation, the iower are the concen
trations of trace elements.
The most important factors affecting the
metal concentrations of sediments are apparentiy
the pH—Eh -conditions prevailing in the water
and the oxygen balance. Together, these factors
determine whether the dissolved metais are in an
oxidizing or reducing conditions. In the investi
gation of the Kitkajärvi lakes the concentrations
of different eiements are, thinking that, com
pared with the pH-values of sampies.
4.12 Sediments from the Kitkajärvi lakes
Physical properties
The ioss on ignition of the surface layers of
sediments, indicating mainiy the amount of or
ganic matter, varied in different sampies from
Yli-Kitka between 1 and 41 % and in sampies
from Ala-Kitka between 1 and 34 % (Tabie 2 and
3). The ignition losses of the combined sampies
from the two lakes were 21.6 and 21.1 %, re
spectiveiy. The greater part of the material had a
loss on ignition of over 15 %. On the basis of
colour anaiyses it wouid appear that the upper
most thin, brown layer contains the most organic
material (Saarelainen 1980). Because the forma
tion of organometaiiic complexes is considered
to be one factor causing accumulation of metais
in sediments, it should be possible to detect re
gional variations in this layer.
The pH of the sediment varied immediately
after sampling in autumn and early winter in Yli
Kitka between 5.0 and 7.4 and in Ala-Kitka be
tween 5.3 and 7.1. This variabie has been con
sidered in greater detaii in earlier work (Saarelai
nen 1980 and Hyvönen 1983). Iron and manga
nese are present in the form of colloidal com
pounds at pH values near to 6 (e.g. Kontas
1979).
Iro n
Iron concentrations varied considerably in the
sediments of lake Yli-Kitka (Fig. 5). The Iowest
concentration, 0.44 %, was recorded in the Va
sikkaselkä region (M 28) and the highest concen
tration, 26 % » in the same region to the north
east of the Mourunsalmi sound (N 18). The mean
iron concentration of ali the sampies was 5.8 %
(st. dev. 5.4 %). The concentrations were gener
ally greater in the western and southern reaches
of the lake. In the iatter area most of the concen
trations measured exceeded 10 %. This can partly
be explained by the humus-containing water
flowing into the lake, but the very highest con
centrations occured in places where iron-manga
nese precipitations have been recorded (Saare
lainen 1980).
In lake Ala-Kitka the iron concentrations
measured in sediments varied between 0.6 and
15.6 % (Fig. 6). The greatest concentrations were
recorded mainly in the open-water area of Vir
ranselkä. Iron precipitates were not observed in
lake Ala-Kitka in a previous investigation (Hyvö
nen 1983), and the mean level of iron concen
tration was iower in this lake than in Yli-Kitka.
According to results obtained by Sandberg
(1978) Fe—Mn—precipitates contain more than
15 % iron. Simiiar resuits were aiso obtained by
Tuokko (1980), investlgatlng smail lakes in a
schist area. Accordig to Tuokko the mean iron
concentration of smali lake sediments in the area
of Kuhmo is 11.4 %. In fact, the iron concen
trations of the sampies from Kuhmo were some
what smailer, because the calculations carried out
by Tuokko were based on the weight of ash of
the sampies. Iron-manganese precipitates are ap
parently connected with sand and gravel forma
tions in the lake. Groundwater flows up from the
boundaries of these formations into weli oxygen
ated water and iron in the groundwater is incor
porated in precipitates which then accumulate in
the sediment. A similar conclusion was also
reached by Tuokko in the region of Kuhmo.
Comparison of the amounts of iron with the
pH-map of the area (Saarelainen 1980) reveals
that iron concentrations are highest in areas with
a high pH-vaiue. The highest pH-vaiues, ex
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ceeding 7.0, were observed in the vicinity of the
Rjjhjsalmi sound between Luonselkä and Naatik
kalahti and in the western part of Turjanselkä
near the village of Posio. Such abnormally high
pH-values may cause adsorption of metais to lake
sediments (Coker and Nichol 1975).
The difference between iron concentrations in
the north and south ends of the Mourunsalmi
sound in lake Yli-Kitka may be due to an inter
dependence between sedimentation and resi
dence time and to differences in the humus con
tent of the water. The iron concentration of the
water was lowest in the open water and in rapid
flowing sounds (Fig. 2).
5km
Fig. 5. Iron concentrations of Yli-Kitka sediments, % of dry weight.
ALA
- KITKA Fe %
o <2
Å 2-5
o 5-10
O >10
0
66
‘5,
28 50
Fig. 6. Iron concentrations (%) in Ala-Kitka sediments.
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Manganese
Concentrations of manganese in the sediments of
lake Yli-Kitka varied between 0.01 and 5.91 %
(Fig. 7). The lowest concentration was in the
sample which also had the lowest iron concen
tration. The mean manganese concentration of
ali the sampies from Yli-Kitka was 0.54 % (st.
dev. 1.06 %). In general the concentrations were
higher in the western and southern regions of the
lake, as in the case of iron concentrations (Fig.
3). The lowest concentrations were observed in
the open water areas of Vasikkaselkä and Isosel
kä.
5 km
Fig. 7. Manganese concentration (%) in Yli-Kitka sediments.
ALA - (ITKA Mn %
o <0.05
Å 0.05-0.10
D 0.10-1.0
0
66
15
28 5O
Fig. 8. Manganese concentrations (%) in Ala-Kitka sediments.
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The manganese concentrations in the sedi
ments of lake Ala-Kitka varied between 0.005
and 0.39 % (Fig. 8). The mean concentration of
ali the sampies was 0.11 % (st. dev. 0.11 %). Both
the largest and smaliest values were recorded in
the open water area of Virranselkä. As in the
base of lake Yii-Kitka, the highest manganese
concentrations occurred in those samples having
the highest concentrations of iron, although iron
manganese precipitates were not observed.
According to Tanskanen (1979) the manga
nese concentrations of lake sediments in the area
of Kiihtelysvaara have a mean vaiue of 0.84 % in
sediments of small lakes in the schist region of
Kuhmo. The values reported by these two
workers are thus appreciabiy higher than the
mean manganese concentrations measured in the
Kitkajärvi lakes in the present work. Iron and
manganese are often found together in lake ore
precipitates, in which the highest manganese con
centrations were aiso observed in this work. Ac
cording to Sandberg (1978), iron is incorporated
into such precipitates mainly from groundwater
movements. Manganese, on the other hand, is
diffused from the mud sediments, in which it
stratified during the course of sedimentation.
Copper
The copper concentrations of sediments in Yli
Kitka varied between 3 and 60 ppm (Fig. 9), the
mean value being 25 ppm (st. dev. 12 ppm). The
lowest concentration was recorded in the
southern part of the open water area of Isoselkä
(J 26) and the highest in the southeastern part of
the lake (V 18). High values were aiso observed
in the area of Vasikkaselkä (Ma 21.3), in the
northern part of Luonselkä (Q 14) and in Kont
tiselkä (R 24).
The copper concentrations in Ala-Kitka (Fig.
10) were of the same order as those observed in
Yli-Kitka. The range of concentrations observed
was 1—61 ppm, with a mean of 21 ppm (st. dev.
14 ppm).
According to Tanskanen (1979) the mean
copper concentration in iake sediments in the
Kiihtelysvaara region are similar to those ob
served in the present investigation (22 ppm). In
the Kuhmo schist region mean copper concen
tration in the sediments of small iakes was 33
ppm (Tuokko 1980).
Timperley and Allan (1974) reported that
copper is usually accumuiated in sediments
having a high organic content. The same con
clusion was also reached by Tuokko (1980).
Copper does not appear to be accumulated in
iron-manganese precipitates. According to Kon
tas (1979), copper and manganese are not inter
dependent because the readily precipitating cop
per usually remains in the vicinity of its original
source. Some of the copper concentrations from
sampling stations in the Kitkajärvi lakes (Ma
21.3, Q 14, R 24, V 18) appear to be anomalous,
but the anomaly is rather minor when compared
with the mean value and the background values.
Piispanen (1972) reported that copper in the area
of Ylj-Kjtka is accumulated in aibite diabases.
The metai concentrations of water and sedi
ments also have an effect on bioiogicai material.
According to Miettinen and Verta (1984) the
copper concentration in pike (Esox lucius) taken
fromYii-Kitka (0.30 ppm) is significantly higher
than the mean value for Finnish iniand lakes
(0.22 ppm), whereas the corresponding value
(0.13 ppm) in a smail species of whitefish
(Coregonus aibula) is smalier than the mean value
(0.22 ppm). This difference may he explained by
difference in the metal concentrations and ionic
properties of water and sediments.
Zinc
The concentrations of zinc (Fig. 11) in the sedi
ments of lake Yli-Kitka varied between 10 and
119 ppm, with a mean vaiue of 60 ppm (st. dev.
25 ppm). The lowest concentration was observed
in the southeastern part of Tolvanseikä (H 32)
and the highest in the eastern part of the same
stretch of open water (Fb 32). Zinc concen
trations in Ala-Kitka (Fig. 12) varied between 7
and 141 ppm, the mean vaiue being 61 ppm.
Thus the zinc concentrations in the two lakes
were very simiiar. In Aia-Kitka the highest con
centrations were observed in the iowest values
ciose to the shore.
According to Tanskanen (1979) the mean zinc
concentration of lake sediments in the Kiihtelys
vaara area was 91 ppm, whereas Tuokko re
corded a mean concentration as high as 256 ppm
in the Kuhmo schist region. Thus the zinc con
centrations in the sediments of the Kitkajärvi
lakes were iower than in both of the referehce
lakes. Zinc is a mobile eiement which is easiiy
distrihuted by the bottom and interstitial water
and readily takes part in biologicai activities and
lake cycies. According to severai different investi
gations (e.g. Rankama and Sahama, Kontas 1979
and Tuokko 1980), zinc is easiiy removed from
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ler to iron-manganese precipitates. However,
the highest zinc concentrations in the Kitkajärvi
sediments were not in the sampies containing
iron-manganese precipitates. Kontas (1979) re
ported several rather exceptional values of zinc
concentrations. These may have been due to the
remains of rotting vegetation, as for example the
ash of birch branches may contain as much as
10 000 ppm of zinc. It would appear that, due to
its high mobility and participation in biological
cycles, zinc is precipitated rather irregularly in
sediment. However, zinc concentrations in the
Fig. 9. Copper concentrations in Yli-Kitka sediments (ppm on a dry wcight basis).
Fig. 10. Copper concentrations (ppm) in Ala-Kitka sediments.
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present work were rather similar in those areas
with appreciable iron-manganese precipitates.
The mean zinc concentration of pike in the
Kitkajärvi lakes (3.8 ppm) was similar to the
mean value for Finnish lakes in general. How
ever, the corresponding concentrations (14 ppm)
in small species of whitefish were considerably
higher than the Finnish mean value of 9.7 ppm
(Miettinen and Verta 1984). The high concen
tration in whitefish may be a resuit of rapid ac
cumulation of zinc in plankton.
Fig. 11. Zinc concentrations (ppm) in Yli-Kitka sediments.
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Fig. 12. Zinc concentrations (ppm) in Ala-Kitka sediments.
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Lead
The lead concentrations (Fig. 13) of sediments in
lake Yli-Kitka ranged between 4 and 64 ppm,
with a mean value of 20 ppm (st. dev. 12 ppm).
The lowest concentration was measured in the
northeastern region of Tolvanselkä ,(D 32) and
the highest in the southern part of the same
stretch of open water (Fb 32), where the highest
zinc concentration was also observed. In general
the highest concentrations were in the Turjan-
selkä area and in deep water regions of Tolvan
selkä. Low concentrations were observed near
the junction of Isoselkä with Vasikkaselkä, where
Fig. 13. Lead concentrations (ppm) in Yli-Kitka sediments.
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Fig. 14. Lead concentrations (ppm) in Yli-Kitka sediments.
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the lowest zinc concentrations were also ob
served (Fig. 13). In lake Ala-Kitka (Fig. 14) the
lead concentrations observed in sediment sampies
were between 1 and 44 ppm, with a mean of 16
ppm (st. dev. 13 ppm). The highest concen
tration was at the observation site H 9 in the
open water area of Virranse1k, where the highest
zinc concentration was aiso recorded. Again in
concordance with the zinc concentrations, the
lowest amounts of lead were observed in sedi
ments below shallow water near the shoreline.
In the Kiihtelysvaara region the mean lead
concentration of lake sediments was 17 ppm
(Tanskanen 1979) and in the Kuhmo schist re
gion as high as 66 ppm (Tuokko 1980) or three
times the mean value for the Kitkajärvi lakes.
Cadmium
Cadmium concentrations in sediments of the Yli
Kitka lake varied between < 0.05 and 1.00 ppm
(Fig. 15). The highest concentration was re
corded at the Tolvanselkä observation site Ea 30.
In general the highest concentrations were en
countered in the northern part of the lake. In the
south the concentrations were mainly below the
detection limit of the analysis method used, 0.05
ppm. In the study of the Ala-Kitka sediments the
limit of detection of the assay method used was
1.0 ppm and ail the sampies had cadmium con
centrations which were below this level.
According to the resuits of Tummavuori and
Aho (1978) the mean cadmium concentration in
surface sediment layers of central Finnish lakes
was 2.45 ppm. The cadmium leveis in the Kitka
järvi lakes were thus ali considerabiy iower than
those for the centrai Finnish lakes.
Cadmium is mainly found in nature in the
form of its suiphide. The amount of cadmium in
nature is however considerably iower than that
of zinc (Zn: Cd 900:1). The cadmium concen
trations in different magma rocks are stili largely
unknown, but it has been estimated that the
amount of this metai in granites is about 2 ppm
and in gabbros below 0.02 ppm. Cadmium is
highly reactive with suiphur and may therefore
be accumuiated in sediments in suiphide muds
(e.g. Rankama and Sahama 1950).
Mercury
Mercury concentrations in the sediments of lake
Yli-Kitka varied between < 0.01 and 0.16 ppm
(Fig. 16). The highest concentration was ob
served in the eastern part of the lake (D 38). The
majority of the concentrations feli within the
Fig. 15. Cadmium concentrations (ppm) in Yli-Kitka sediments.
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range 0.03—0.06 ppm and the mean value was
0.05 ppm (st. dev. 0.03 ppm). In the areas of
Turjanselkä and Luonselkä the majority of mer
cury concentrations exceeded 0.06 ppm. This
part of the lake is the reciplent of the largest
amounts of humus and also of municipal efflu
ents from Posio village. The mercury concen
trations in sediments of lake Ala-Kitka varied be
tween < 0.01 and 0.09 ppm (Fig. 17), with a
mean of 0.04 ppm (standard deviation 0.03
ppm).
According to Tummavuori and Aho (1978)
the mean mercury concentration of surface sedi
ment layers in some central Finnish lakes was
0.05 ppm, i.e. similar to the mean concentrations
recorded in the present investigation. Some
values however, were exceptionally high in the
study by Tummavuori and Aho. Rankama and
Sahama (1950) reported the mean mercury con
centration of magma rocks to be 0.067 ppm.
High mercury concentrations are associated with
young and volcanically active regions. Mercury in
watercourses is usually strongly bound to the
humic component. A clear dependence between
the organic content of sediments and their mer
cury concentrations has often been observed
(Mannio 1983). The low level of humus in the
water may be the reason for the low mercury
concentrations in fish in Yli-Kitka. The concen
trations of mercury in small species of whitefish
and pike in the years 1978—1979 were found to
be only 0.06 and 0.13 ppm, respectively. The
reason for the small concentration may also be
reduced methylation in the high pH of the water
(c.f. Mannio 1983).
Calcium
The calcium concentration in sediments in the
Yli-Kitka lake varied between 0.03 and 0.35 %
(Fig. 18), with a mean of 0.16 % (st. dev. 0.06
ppm). The lowest concentration was in a sand
sample from Isoselkä (J 26), where the concen
trations of other metais were also rather low.
The highest calcium concentration occurred in
the southwestern part of the lake (V 6).
In the Ala-Kitka sampies (Fig. 19) the calcium
concentration varied between 0.04 and 3.7 %,
being thus very similar to the concentration
range for Yli-Kitka. The mean concentration was
0.17 % (st. dev. 0.08 %). Most calcium wasfound
in the direction of the main flow of the lake. The
highest concentration was recorded at obser
vation site K 17, near to a deposit of dolomite
(Fig. 1). The alkalinity and pH values of the
water were also highest in this region (Fig. 2).
The solubility of calcium is dependent on
several factors e.g. temperature, carbon dioxide
concentration, pH and dissolved solutes. Calcium
solubility decreases with increase in temperature
and pH and increases with increasing carbon dio
oxide concentration. The observed differences in
sediment calcium concentrations in the area of
the Kitkajärvi lakes are presumably dependent on
variations in bedrock type and on the distri
bution of dolomite deposits.
Magnesium
Magnesium concentrations in the sediments of
lake Yli-Kitka varied between 0.04 and 0.56 %
(Fig. 20), with a mean value of 0.32 % (st. dev.
0.11 %). The lowest concentration was observed
in a sandy sample taken from the southern end
of Isoselkä (R 24). A deposit of dolomite occurs
at the extreme end of Konttiselkä (Fig. 1) and
the alkalinity of the water is highest for the
whole lake at this point (Fig. 2). In general the
magnesium concentrations were highest in the
southern part of the lake.
In the sediments of lake Ala-Kitka (Fig. 21)
the magnesium concentration varied between
0.041 and 0.61 %, with a mean of 0.29 % (st.
dev. 0.14 %). The highest concentrations oc
curred in the open water of Virranselkä and in
the inner part of the Särkilahti bay. In the for
mer site the concentration of calcium had its
Iowest value. A very low concentration of mag
nesium was recorded at observation site K 17,
where the calcium concentration was high. Pre
sumably the dolomite deposit at this site (Fig. 1)
caused the high calcium concentration (Fig. 15).
The difference between the sediments may be a
resuit of the different sedimentation rates of cal
cium and magnesium.
According to information provided by Sand
berg (1978) the mean magnesium concentration
of lake sediments in northern Finnish regions is
0.33 %. In the sediments magnesium is usually
present in the form of chloride or sulphide. The
most prevalent form of magnesiurn is usually
however magnesium carbonate, which together
with calcium forms the double carbonate, dolo
mite. Magnesium carbonate is considerably more
soluble in water than calcium carbonate, and pre
cipitation of magnesium therefore does not occur
as readily as that of calcium (Rankama and Sa
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hama 1950). The variations in magnesium con
centration in the sediments of the Kitkajärvi
lakes are closely connected with the occurrence
of chalk and dolomite in the bedrock of the area.
The magnesium and calcium concentrations of
the sediments are not however very great, al
though both magnesium and calcium are avail
able (c.f. Piispanen and Myllymaa 1982). The
reasons for this may be the cold climate and
possibly other factors reducing precipitation of
these metais.
Fig. 16. Mercury concentrations (ppm) in Yli-Kitka sediments.
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Fig. 17. Mercury concentrations (ppm) in Ala-Kitka sediments.
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4.2 Nutrients
4.21 Reactions between lake sediments and
water
Sedimenting materiais introduce dissolved nutri
ents into the sediments by way of sorption reac
tions (McKee et al. 1970). The amount and com
position of alloctonic inorganic materiais in sedi
ments depend on the areal relationship between
the lake and its drainage basin and also on the
topography, vegetation, geology and ciimate of
the basin. The composition of autoctonic sedi
ments is affected mainly by processes taking
place within the lake.
Exchange of nutrients between water and
sediment occurs as a resuit of physical, chemical
and biological processes. The physical properties
of the lake ecosystem determine the iimits of
chemical and biologicai processes (Kyröläinen
1978).
No ciear correlation has been observed be
tween primary production in the lake water and
the phosphorus concentration of sediments
(Wetzel 1975). Phosphorus occurs in lake sedi
ments in both inorganic and organic forms, but
inorganic phosphorus is usually dominant (Syers
et al. 1973).
The highest phosphorus concentrations are
usually found in surface sediments (Toyoda et al.
1968). With increasing depth the concentrations
of phosphorus adsorbed on aluminium and iron
are highest in the fine-grained sedimentary ma
terial (Kyröläinen 1978). The mobility of inorga
nic phosphorus is determined by its chemical
form. In the case of ali phosphorus-containing
compounds mobility is largely determined by
soiubility, which in turn depends in the pH and
ionic concentration of the water (Kyröläinen
1978).
In the bedrock phosphorus occurs as phos
phate, usually as apatite, which is chemicaily
rather stable. Living organisms accumuiate phos
phorus and thus increase its concentration. Lakes
containing appreciable amounts of plant debris
and peat also contain high leveis of phosphorus.
Organic sediments absorb phosphorus in the pH
range 5—7 when the phosphate ion is in the form
H2PO. A ciear interdependence is discernable
between phosphorus and organic materiais (Kol
jonen and Carison 1975).
Nitrogen occurs in lake sediments as organic
nitrogen. The water contained within the sedi
ment itseif contains dissoived nitrogen, in the
form of ammonia nitrogen and nitrogenous or
ganic compounds, at a higher concentration than
in the overlying water (Kyröläinen 1978).
The redox potentiai of the iake ecosystem
has a significant effect on the reactions of nitro
gen, phosphorus, sulphur, iron and manganese
compounds. Exchange of phosphorus between
sediments and water is affected by the pH of the
iocai environment, which determines the solu
biiity of phosphoric compounds and affects
sorption reactions (Andersen 1974). The effects
of pH on the exchange of nitrogenous com
pounds are based mainly on nitrification and
denitrification, although pH also has some effect
on the sorption reactions of nitrogenous com
pounds.
Sorption processes are important in the ex
change of materials taking piace between water
and sediments, particularly in the case of phos
phorus. Information concerning the sorption of
nitrogen is scarce. Mixing processes aiso affect
the exchange of nutrients between water and
sediment. Micro-organisms and their metabolism
cause biological mixing (Kyröläinen 1978).
4.22 Nutrients in the sediments of lake
Ala-Kitka
Nutrients were not analyzed in the sediments of
iake Yii-Kitka. The concentration of total nitro
gen in the sediments of iake Ala-Kitka varied be
tween about 650 and 14 000 ppm (Fig. 22), with
a mean value of 7 127 ppm (st. dev. 4 045 ppm).
The majority of the values analyzed feil within
the range 5 000 — 10 000 ppm. The highest con
centrations (exceeding 10 000 ppm) were ob
served in the open water areas of Takkuselkä and
Virranselkä and at the northern end of the iake.
The lowest nitrogen concentrations were en
countered near the shoreline of the lake and in
the vicinity of islands, where the ioss on ig
nition was lowest. The major reason for this re
gional distribution is variation in net sedimen
tation.
Concentrations of total phosphorus (Fig. 23)
varied between 130 and 4600 ppm, mostofthe
vaiues being below 1 000 ppm. The mean value
was 1 233 ppm and standard deviation 897 ppm.
The highest phosphorus concentrations were
measured in Virranseikä and in the stretch of
open water at the northern end of the lake. The
loss on ignition in the region of high phosphorus
concentration usuaiiy exceeded 15 %. The pH
values measured in the high-phosphorus area
varied between 6.0 and 6.8. The main reason for
variation in phosphorus concentrations, as in the
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Fig. 22. Nitrogen concentrations (ppm) of Ala-Kitka sediments.
Fig. 23. Phosphorus concentrations (ppm) of Ala-Kitka sediments.
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case of nitrogen, was differences in sedimen
tation, which are dependent on depth relation
ships and low rates. In the high-phosphorus area
the depth was 5—9.5 m and in the low-phos
phorus area 1.7—5.3 m.
Observations of nutrients in surface sediment
layers are made in the Kuusamo area from deep
water areas of the lakes Irnijärvi, Kostonjärvi,
Muojärvi and Yli-Kitka in 1969 (National Board
of Waters 1971). The mean loss on ignition of
lake sediments is 29 %, which is slightly higher
than the value of 17.8 % recorded for lake Ala
Kitka. The mean concentration of phosphorus
was determined as 1 800 ppm and that of total
nitrogen 8 600 ppm (National Board of Waters
1971). The concentrations recorded in the pre
sent work in lake Ala-Kitka were 1 233 ppm for
phosphorus and 7 172 ppm for nitrogen. These
values do not differ significantiy frorn those ob
tained for the deepwater lakes of the Kuusamo
region. It can be concIuded from the 1969 re
sults that the amounts of both phosphorus and
nitrogen are correlated with the concentration
of organic material. The same conclusion can also
be drawn from the data from Ala-Kitka. The
highest concentrations in the bottom mud were
found in areas where the water was most oligo
trophic (National Board ofWaters 1971).
Total phosphorus and total nitrogen are dis
tributed in lake Ala-Kitka according to depth and
loss on ignition such that the highest concen
trations are in the region of most extensive sedi
mentation. Near the shore, where nutrient con
centrations are usually highest, the concen
trations of nutrients in the sediments have not
reached high leveis. Human habitation in the
vicinity of the lake would not appear to have af
fected the phosphorus and nitrogen concen
trations of the surface sediments. These concen
trations in lake Ala-Kitka are mainly determined
by the organic matter in the sediment, the natu
ral accumulation of materiais in the surface sedi
ment layers and the rate of sedimentation.
4.3 Analysis of the results using a corre
lation matrix
The results are presented in Table 4 in the form
of a correlation matrix. Using the matrix it is
possibie to arrive at conclusions reiating to the
interconnections between different materiais and
aiso to the effects of externai conditions. Iron is
positively correiated with pH, manganese, zinc,
iead, mercury, nitrogen and phosphorus. No cor
relation was found, however, between iron and
loss on ignition, the indicator of organic content.
Of critical importance for the sedimentation of
iron wouid appear to be pH and iron-phosphorus
and iron-manganese compiexes, which are associ
ated with the redox potential Manganese had a
significant positive correlation only with iron,
nitrogen and phosphorus.
Copper had a significant correlation with
almost ali of the parameters exhibited in Tabie 4.
It is probable that sedimentation depends signi
ficantly on pH and on the amount of organic ma
terial. As was noted above, copper and manga
nese are not usuaiiy interdependent, because
copper remains near its area of origin (Kontas
1979). Zinc behaves in a similar manner to cop
per on the basis of the correlation matrix. No
clear dependence on either pH or manganese can
be discerned, aithough according to eariier
workers (Rankama and Sahama 1950, Kontas
1979 and Tuokko 1980) zinc is adsorbed onto
iron-manganese precipitates.
Lead correiated with ali the other variabies ex
cept pH and manganese. A significant correiation
was recorded with depth and manganese. A signi
ficant correiation was recorded with depth and
ioss on ignition, indicating the adsorption of iead
onto organic matter as in the case of zinc.
Cadmium correiated negatively with pH and
positively with copper, zinc and iead. Cadmium
is present in sediments mainly in the form of sui
phide. The suiphur concentration in the Kitka
järvi lakes is rather iow (Tabie 1). A highly sig
nificant correlation was observed between cad
mium and both zinc and iead.
Mercury was correlated with ioss on ignition,
iron, zinc, lead, calcium, magnesium, nitrogen
and phosphorus. It is apparentiy strongly at
tached to organic matter, as in the case of many
other metais with the exception of cadmium.
Caicium and magnesium were correlated with
other variabies in the same way, with the excep
tion of loss on ignition. The adsorption of mag
nesium onto organic matter would appear to be
weaker than in the case of calcium. Copper, zinc,
lead and mercury were strongly correiated with
the alkaiine earth metais.
Nitrogen and phosphorus were usually corre
lated with ali the variabies examined, although
the correiation of phosphorus with caicium, mag
nesium and mercury was somewhat weaker than
that of nitrogen. The occurrence of phosphorus
in sediments is largeiy dependent on the redox
potential, whereas nitrogen wouid apper to be
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primarily dependent on pH.
The analysis results obtained are similar to
those of Cronan and Thomas (1972) and Tuokko
(1980), with the exception of the iron and
manganese results. The most obvious differences
between the present investigation and those cited
above are that iron was not correlated with cal
cium and magnesium and manganese was not cor
related with zinc. According to Rankama and Sa
hama (1950), magnesium may often be substi
tuted in chemical compounds by iron and manga
nese, but at least in lake Yli-Kitka no dependence
was observed between calcium and iron or cal
cium and manganese. When the manganese con
centration is below 2—3 % it behaves as a trace
element and is positively correlated with iron.
Copper and zinc were clearly intercorrelated in
both the present investigation and the studies
used for comparison. According to Coker and
Nichoi (1975), metal concentrations and the
amount of organic material are cieariy correiated.
In the present investigation copper, zinc, lead,
calcium, nitrogen and phosphorus were signifi
cantly correlated with ioss on ignition. Tuokko
(1980) also reported a correlation between loss
on ignition and lead. Rather surprising was the
resuit that zinc and manganese were not inter
correlated, although Coker and Nichol (1975) re
ported that zinc accumulates in manganese-rich
precipitates. A possible explanation for the
varying elemental concentrations observed in the
sediments of lake Yli-Kitka and for their varying
intercorrelations may lie in the fact that the lake
is large and divided into many rather indepen
dent sections, in which the stratification and
sedimentation conditions may also vary consider
ably. Variation in flow rates in the bottom water
layers also has major significance for sedimen
tation, especially for the rate of sedimentation
which in turn is related to the concentrations of
metallic eiements found in the sediments. Ac
cording to the resuits of Cronan and Thomas
(1972) the correlation is highest for eiements
which are adsorbed to the same mineral. The
mineral composition of Kitkajärvi sediments
varies rather extensively, although quartz and
plagioclase are usually dominant (Saarelainen
1980).
The metal concentrations of sediments are af
fected by many factors, of which the most im
portant are particie size, mineral composition,
amount of organic material, water temperature,
oxygen concentration, the pH—Eh -conditions
prevailing in the water and the area and appar
ently depth of the lake. For this reason some of
the anomalous metal concentrations cannot be
explained satisfactorily by local ore deposits.
However, the anomalous values reflect the bed
rock type of both the lake bottom and the drain
age basin. On the other hand the metal concen
trations in areas with iron-manganese precipi
tation may be biased because of other metal con
centrating in the precipitates, although this type
of concentration in the Kitkajärvi lakes wouid
appear to be rather minor. The metal concen
trations measured in the Kitkajärvi lakes in this
work were somewhat lower than the corre
sponding concentrations reported by Tanskanen
(1979) and Tuokko (1980) in smaller lakes. In
small lakes sedimentation occurs more evenly
and bottom fiow rates are usually rather weak,
with the result that accumulation of metais takes
place more readily than in larger lakes.
5. SUMMARY
The amounts and distributions of metallic el
ements in the surface sediment layers of the Kit
kajärvi lakes in the communes of Kuusamo and
Posio were investigated. The metals examined
were iron, manganese, copper, zinc, lead, cad
mium, mercury, calcium and magnesium, the
concentrations of which were expressed as per
centages on a dry weight basis. In addition, the
nutrients total nitrogen and total phosphorus
were investigated in lake Ala-Kitka. The elemen
tai compositions recorded were presented in fig
ures and tabies and the results were analyzed
with the aid of correlation analysis.
Concentrations of iron were found to vary
considerabiy, in Yli-Kitka between 0.44 and
25.95 % and in Ala-Kitka between 0.6 and 15.6
%. Manganese concentrations varied in Yli-Kitka
between 0.01 and 5.91 % and in Ala-Kitka be
tween 0.005 and 0.39 %. The copper concen
tration in surface sediments in Yli-Kitka ranged
from 3 to 60 ppm and in Ala-Kitka from 1 to 61
ppm. In Yii-Kitka zinc concentrations between
10 and 119 ppm were observed, the correspond
ing limits in Ala-Kitka being 7 and 141 ppm.
Lead concentrations varied in samples from Yli
Kitka between 4 and 64 ppm and from Ala-Kitka
between 1 and 44 ppm. In surface sediments of
iake Yli-Kitka the concentration of cadmium
varied between < 0.05 and 1.0 ppm and in Ala
Kitka ali the concentrations were below 1.0 ppm.
51
Calcium concentrations between 0.03 and 0.35 %
were recorded in Yli-Kitka and between 0.01 and
0.06 % in Ala-Kitka. The magnesium concen
trations in surface sediments in lake Yli-Kitka
were between 0.04 and 0.56 % and in Ala-Kitka
between 0.04 and 0.61 %. In the case of mer
cury, concentrations ranging from < 0.01 — 0.61
ppm were observed in the surface sediments of
lake Yli-Kitka, the corresponding concentrations
in lake Ala-Kitka being between < 0.01 and
0.09 ppm.
Of the factors affecting metal concentrations
in surface sediments the most important were
found to he the pH—Eh -conditions prevailing in
the water and the amount of organic material in
the sediment. One explanation for the wide van
ation in elemental concentrations observed in the
sediments of the Kitkajärvi lakes as well as for
the varying correlation between the different
elements may resuit from the fact that the lakes
have a large area and are divided into several
parts, in which the sedimentation and stratifi
cation processes may be very different. Variation
in flow rates in the bottom water leveis also af
fects the precipitating and stratifying properties
of the different elements. For this reason the
concentrations of metallic elements do not re
flect very accurately the variations in the bed
rock of the lake bottom and the drainage basin
of the lake. Clarification of the reasons for the
observed variation would require more detailed
investigation of the bedrock.
The results of correlation analysis were similar
to those obtained in the reference studies. The
most notable differences were that iron was not
correlated with calcium and magnesium and
manganese was not correlated with calcium and
magnesium and manganese was not correlated
with zinc in the present work. The Ioss on ig
nition, which indicates the amount of organic
matter in a sample, was clearly correlated with
copper, zinc, lead, mercury, calcium, nitrogen
and phosphorus. The pH value of the sediment
was correlated with the concentrations of iron,
copper, cadmium (negative correlation), nitrogen
and phosphorus.
Nutrients were not analyzed in the sediments
of lake Yli-Kitka. Total nitrogen in the sediments
of Ala-Kitka varied between about 650 and
14 000 ppm and phosphorus varied between
130
— 4 600 ppm. The lowest nutrient concen
trations were recorded near to the shoreline of
the lake and in the vicinity of islands, where the
loss on ignition was lowest. The main source of
the observed variation were the differences in
sedimentation due largely to depth relation and
flow rates. Human habitation in the nearby en
vironment did not have a measurable effect on
the nitrogen and phosphorus concentrations of
surface sediments.
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TIIVISTELMÄ
Tässä tutkimuksessa käsitellään metallien ja ra
vinteiden pitoisuuksia sekä alueellista jakaantu
mista Kuusamon ja Posion kuntien alueella sijait
sevien Kitkajärvien pohjasedimenttien pintaosis
sa. Tutkittavia metalleja olivat Fe, Mn, Cu, Zn,
Pb, Cd, Hg, Ca ja Mg. Ala-Kitkan sedimenteistä
määritettiin kokonaistypen ja -fosforin pitoisuu
det.Analyysi tehtiin 10—15 cm:n vahvuisesta se
koitetusta sedimenttinäytteestä.
Sedimenttien pintaosien metallipitoisuuksiin
vaikuttavat ehkä eniten veden pH—Eh -olot sekä
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sedimentin orgaanisen aineen pitoisuus. Kitka
järvien sedimenttien alkuainepitoisuuksien ja nii
den keskinäisen riippuvuuden vaihteluun vaikut
tavat järvien suuri koko ja liuskaisuus, jotka vai
kuttavat virtauksiin ja kerrostumisoloihin. Myös
pohjavesivirtaukset vaikuttavat alkuaineiden ver
tikaaliseen ja horisontaaliseen esiintymiseen.
Näistä syistä johtuen metallipitoisuuksien erot
eivät Kitkajärvillä kovin hyvin kuvaa valuma
alueen ja kallioperän vaihtelua. Todettujen vaih
teluiden ja eräiden poikkeuksellisen korkeiden pi
toisuuksien syiden selvittäminen vaatisi kallio
perän tarkempaa tutkimista.
Korrelaatioanalyysin tulokset ovat samanta
paiset kuin käytetyissä vertailututkimuksissa. Sel
vin ero on korrelaation puuttuminen Kitkajärvien
aineistossa kalsiumin ja magnesiumin sekä man
gaanin ja sinkin väliltä. Selvimmät positiiviset
korrelaatiot ovat raudan ja mangaanin, lyijyn ja
elohopean, kalsiumin ja magnesiumin, kuparin ja
sinkin sekä sinkin ja elohopean välillä. Orgaanista
ainetta ilmaiseva hehkutushäviö korreloi selvästi
kuparin, sinkin, lyijyn, elohopean, kalsiumin, ty
pen ja fosforin kanssa. pH korreloi raudan, kupa
rin, kadmiumin (käänteisesti), typen ja fosforin
kanssa.
Kokonaistypen pitoisuus Ala-Kitkan sedimen
tissä vaihtelee 650 — 14 000 ppm ja kokonais
fosforin pitoisuus 130
— 4 600 ppm. Pienimmät
pitoisuudet esiintyvät järven reunaosissa ja saar
ten lähellä, missä hehkutushäviö on pienin. Vaih
telun syynä on lähinnä sedimentaatioero, joka
riippuu syvyyssuhteista ja virtauksista. Ympäris
tön asutuksella ei ole havaittavaa vaikutusta Ala
Kitkan sedimenttien typpi- ja fosforipitoisuuk
sun.
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